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Objective:  To  assess  the  impact  of moderate-to-severe  bilateral  hearing  loss  on  schooling  and  the  factors
inﬂuencing  this  impact,  and to  evaluate  special  schooling  needs  in addition  to speech  therapy.
Material  and  methods:  Retrospective  study  including  children  with moderate-to-severe  bilateral  hearing
loss, born  between  1992  and  2006,  diagnosed  and  managed  in  our institution.  The  age  and  degree  of
hearing  loss  in the  better  ear,  the  type  of schooling  and  the  level  of  schooling  at  the  time  of  the last  visit
were  recorded  for each  patient.
Results:  Two  hundred  and  twenty-ﬁve  hearing-impaired  children  were  included:  161 attended  a  regular
school  (58%  of  the  55  children  with  severe  hearing  loss  and  76%  of  the 170  children  with  moderate  hearing
loss).  The  percentage  of children  with  moderate  hearing  loss  attending  a regular  school  increased  over
time.  This  study  did not  demonstrate  any  difference  in  terms  of grade  retention  according  to  the age
at  diagnosis  for children  with  moderate  hearing  loss.  No  child  with  comorbidity  affecting  intellectual
capacities  attended  a regular  school.
Conclusion:  This  study  conﬁrms  that  moderate-to-severe  congenital  bilateral  hearing  loss  has  an  impact
on  the  child’s  schooling,  with  grade  retention  that depends,  but not  exclusively,  on  the  degree  of hearing
loss.  A  growing  number  of  children  with moderate  bilateral  hearing  loss  ﬁtted with  a hearing  aid  now
attend  a  regular  school.. Introduction
Prelingual bilateral sensorineural hearing loss is responsible
or numerous medical, developmental, social and economic con-
equences. At an early stage of development, auditory deprivation
r impaired hearing impacts on oral language acquisition and intel-
igibility.
Diagnostic tests (auditory-evoked potentials) and screening
evoked otoacoustic emissions, automated auditory-evoked poten-
ials) of hearing loss in newborns or infants have been developed
ver recent years. Information campaigns about the consequences
f hearing loss targeting the general public and the medical pro-
ession have been conducted. Neonatal screening programmes,
nitially targeted to infants presenting risk factors for hearing loss
1], following by universal screening [2,3] have been developed.
hese programmes are designed to ensure earlier diagnosis and
herefore earlier management of children with moderate, severe
r profound bilateral sensorineural hearing loss.
Several studies have demonstrated the beneﬁt of early manage-
ent of prelingual hearing loss on language and articulation, but
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these studies were generally based on limited follow-up and only
concerned infants or preschool children [4–7], with unilateral or
mild hearing loss [8–10] or children who had been ﬁtted with one
or two cochlear implants [11,12].
The purpose of this study was  to assess the impact of
moderate-to-severe bilateral hearing loss on the schooling of these
hearing-impaired children and the factors able to inﬂuence this
impact. We  tried to quantify the need for any type of special school-
ing in these children with moderate-to-severe hearing loss in order
to determine the probability that these children can continue to
attend a regular school.
2. Material and methods
We conducted a descriptive observational study on children
born between 1992 and 2006, in whom bilateral hearing loss
was diagnosed in the Robert-Debré hospital ENT department, in
Paris.
Patients included in this study presented moderate-to-severe
bilateral hearing loss in the better ear, were between the ages of
4 and 18 years and attended school in France at the time of their
last visit. A hearing-screening test at birth did not constitute an
inclusion criterion. Children with unilateral hearing loss or mild
hearing loss in the better ear were excluded from the study.
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The age at diagnosis was considered to be the child’s age at
he time of conﬁrmation of the hearing loss by auditory-evoked
otentials (AEP).
The degree of hearing loss was that observed on the ﬁrst audio-
ram performed with headphones. It was based on the mean
earing loss (MHL), corresponding to the mean of air conduc-
ion hearing thresholds observed at 500 Hz, 1 kHz, 2 kHz and
 kHz. Hearing loss was classiﬁed according to the criteria estab-
ished by the International Bureau for Audiophonology (BIAP)
www.biap.org): moderate hearing loss corresponds to an MHL  of
0 to 70 dB, and severe hearing loss corresponds to an MHL  between
0 and 90 dB. For patients with evolving hearing loss (deterioration,
r exceptionally improvement of hearing over time), hearing loss
as determined according to the thresholds observed at the time of
he ﬁrst pure tone audiogram on separate ears. Various factors able
o inﬂuence the child’s development such as the social environment
nd comorbidities were also recorded.
The level and type of schooling were recorded at the last visit in
he department by clinical interview of the parents or the patient.
hildren were divided into two groups: children who  were fully
ntegrated in a regular school, with or without speech therapy, and
hose requiring schooling in a specialized institution.
The child’s schooling in a local regular school started in the 1st
ection of kindergarten (class 14) to the ﬁnal year of high school
class 0). “Specialized institutions” comprised all available modali-
ies of management of these children, requiring notiﬁcation by the
ommission des droits et de l’autonomie des personnes handicapées
Disabled persons’ rights and autonomy commission [CDAPH]) of
he Maison départementale des personnes handicapées (Departmen-
al disabled persons home [MDPH]), such as:
special education institutes, and specialized institutions for deaf
children, proposing Sections d’enseignement et d’éducation spécial-
isées (Specialized teaching and education sections [SEES]) and/or
Sections pour enfants avec handicaps associés (Sections for children
with multiple disabilities [SEHA]);
Service d’éducation spécialisée et de soins à domicile (Specialized
education and home care services [SESSAD]), equivalent to spe-
cialized institutions that provide services at the child’s home;
Classes pour l’inclusion scolaire (School inclusion classes [CLIS]),
small elementary classes with less than 12 pupils;
Unités locales d’intégration scolaire (Local school integration units
[ULIS]), college or high school classes with specialized educators
and teachers.
Children attending a SEGPA (Sections d’enseignement général et
rofessionnel adapté [Adapted general and professional teaching
ections]) were also grouped under the label “specialized institu-
ion”, although placement in these college classes is decided by the
egional director of education rather than the CDAPH.
Children were then divided into three groups according to their
ear of birth (1992–1996; 1997–2001; 2002–2006). Age at diagno-
is was compared between the various groups and according to the
egree of hearing loss.
Schooling of children with moderate-to-severe hearing loss in
 regular class or in a specialized institution was studied according
o their year of birth.
For children with moderate hearing loss attending a regular
chool, the presence and degree of grade retention were studied
ccording to the child’s age at the time of diagnosis by entering
ata (age and level of schooling at the time of the last visit in the
epartment) with Excel software and plotting a point cloud for each
ge-group at the time of diagnosis. Linear regression lines for each
roup of patients studied were calculated from these point clouds.
hese regression lines were used to predict the child’s theoreticalFig. 1. Age at diagnosis as a function of severity of hearing loss and year of birth.
age for a given class and, in particular, evaluate the child’s estimated
age in the ﬁnal year of high school.
3. Results
3.1. Population
A total of 225 of the 998 children born between 1992 and 2006
in whom hearing loss was  diagnosed in Robert-Debré hospital sat-
isﬁed the inclusion criteria. The main reasons for exclusion were
children under the age of 4 years at the last examination, profound
bilateral hearing loss, mild bilateral hearing loss or asymmetrical
hearing loss with hearing loss less than 40 dB in the better ear at
the time of the ﬁrst audiogram on separate ears. One  hundred and
seventy (76%) of the patients included had moderate hearing loss
in the better ear and 55 had severe hearing loss.
Certain comorbidities were able to directly impair the child’s
capacities or contribute to grade retention due to their chronic
nature and their impact on intellectual capacities. Forty (18%) of the
225 patients presented this type of comorbidity: 1 case of autism,
4 cases of mental retardation, 2 cases of cerebral palsy, 3 cases
of Down syndrome, and 2 cases of Charge syndrome. Twenty-eight
children (12%) were derived from a very underprivileged family and
social background, with 14 children derived from refugee families
(either French-speaking or non-French-speaking, but always faced
with difﬁculties obtaining residency status, housing and employ-
ment).
Thirty-two (14%) of the 225 patients presented sudden or pro-
gressive deterioration of their hearing loss, over a very variable
interval following the diagnosis of bilateral sensorineural hearing
loss, which was at least moderate in the better ear.
3.2. Age at diagnosis
The mean age at diagnosis was  5.5 years ± 3.2 (median: 5.4
years) for moderately hearing-impaired children born between
1992 and 2006. It decreased from 5.8 years ± 3.8 (median: 5.9
years) for children born between 1992 and 1996 to 4.9 years ± 2.2
(median: 4.9 years) for children born between 2001 and 2006
(Fig. 1). Statistical analysis did not reveal any signiﬁcant difference
between these 3 groups. The mean age at diagnosis for severely
hearing-impaired children was 4 years ± 2.5 (median: 3.3 years),
with little variation between 1992 and 2006.
3.3. Type of schoolingNo child with a comorbid condition affecting intellectual capac-
ities attended a regular school. Almost one half of severely
hearing-impaired children attended special schools (special edu-
cation institutes), regardless of their year of birth (Table 1).
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Table  1
Bilateral hearing loss, severe in the better ear.
Date of birth Number of children Age at diagnosis Regular school Special school
Median Mean ± standard deviation
1992–1996 11 3.7 4.3 ± 2.3 6 (55%) 5 (45%)
1997–2001 22 3.4 3.7 ± 2.3 13 (59%) 9 (41%)
2002–2006 22 3.1 3.4 ± 2 13 (59%) 9 (41%)
Total  55 3.3 4 ± 2.5 32 (58%) 23 (42%)
Table 2
Bilateral hearing loss, moderate in the better ear. The percentage of children attending a regular school signiﬁcantly improved between children born in 1992–1996 and
those  born in 2002–2006 (Chi2, P < 0.01).
Date of birth Number of children Age at diagnosis (years) Regular school Special school
Median Mean ± standard deviation
1992–1996 40 5.9 5.8 ± 3.8 26 (65%) 14 (35%)
1997–2001 66 5.7 5.8 ± 3 49 (74%) 17 (26%)
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Moderately hearing-impaired children attended a regular
chool in 65% of cases for children born between 1992 and 1996
ersus 84% of cases for children born between 2002 and 2006 (sig-
iﬁcant difference, Chi2 test, P < 0.01) (Table 2).
.4. Regular schooling of moderately hearing-impaired children
ccording to year of birth
Moderately hearing-impaired children:
were in the class corresponding to their year of birth in 55% of
cases;
had experienced 1 year of grade retention compared to the the-
oretical school career (primary school or class 11 at the age of
6 years and ﬁnal year of high school or class 0 at the age of 17
years) in 40% of cases;
presented 2 or more years of grade retention in 5% of cases (Fig. 2).
The estimated age in the ﬁnal year of high school (calculated
y linear regression curves) for children with bilateral moderate
earing loss was 18.3 years for children born between 1992 and
996, 18.2 years for children born between 1997 and 2001, and
7.1 years for children born between 2002 and 2006.
Statistical analysis did not reveal any signiﬁcant difference
etween the 3 groups or with respect to the theoretical school
areer. However, a much smaller scatter in the last classes was
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ig. 2. Level of schooling according to age and year of birth for moderately hearing-
mpaired children (class 11: ﬁrst year of primary school; class 0: ﬁnal year of high
chool). All points situated above the straight line indicate grade retention of the
orresponding child.± 2.2 54 (84%) 10 (16%)
± 3.2 129 (76%) 41 (24%)
observed in the second group of children (born between 1997 and
2001) compared to the ﬁrst group of children (born between 1992
and 1996); follow-up is currently insufﬁcient to assess the progress
of children in the third group, born after 2001 (currently 12 years
old, in class 5 for the oldest children born in 2002).
3.5. Regular schooling of moderately hearing-impaired children
according to age at diagnosis
Comparison of the school career of children in whom moder-
ate hearing loss was diagnosed before the age of 2 years and those
whose hearing loss was  diagnosed later did not reveal any statis-
tically signiﬁcant difference and especially no clinical signiﬁcance
(estimated age at the ﬁnal year of high school of 17.9 years vs. 18.1
years).
4. Discussion
Once the diagnosis of bilateral hearing loss has been conﬁrmed,
the child is referred to a speech therapist and a hearing aid spe-
cialist to initiate management. The AEP examination and the ﬁrst
visit to the hearing aid specialist may  be separated by an inter-
val of several weeks. The undeniable impact of effective hearing
recovery by means of regular use of correctly ﬁtted hearing aids
on language development and schooling is an important aspect
that is difﬁcult to measure in a retrospective study. Data concern-
ing these aspects may  become increasingly accessible for use in
future studies, especially by means of data-logging systems inte-
grated into new generation hearing aids. In this retrospective study,
due to the uncertainty concerning the time of initiation of regular
use of hearing aids, we decided to analyse age at the diagnosis of
the hearing loss and its possible impact on schooling. Despite the
time lag between announcement of the diagnosis and effective use
of hearing aids, conﬁrmation of the presence of hearing loss can be
considered to alert the child’s parents to the child’s hearing difﬁcul-
ties, allowing them to adapt their everyday behaviour and inform
the school. Teachers then become more attentive to this pupil and
can already take certain useful measures (placing the child in the
ﬁrst row, written support). The age at the time of announcement
of the diagnosis can therefore be considered to be the age of onset
of more appropriate support for this child.
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.1. Age at diagnosis of moderate-to-severe hearing loss
As demonstrated by the study by Franc¸ ois et al. [13], the age at
he time of diagnosis of bilateral hearing loss has been gradually
eclining over recent years. However, age at the time of diagnosis
f moderate-to-severe hearing loss still remains high.
Methods of diagnosis of hearing loss in newborns and infants
re relatively recent: auditory-evoked potentials were developed in
linical practice in the 1970s, otoacoustic emissions were described
y Kemp in 1978 [14] and developed in clinical practice in the 1990s
15], and automated-evoked potentials were developed in the early
000s [16].
This technological progress has allowed neonatal screening of
earing loss, as the clinical signs (loss of babbling and delayed lan-
uage acquisition) occur very late and only routine screening can
ower the age of diagnosis. Furthermore, in the presence of mod-
rate sensorineural hearing loss, the effects on speech production
emain limited to delayed language acquisition, which is often min-
mized, as the child’s lack of reactivity to noises is attributed to
imple inattention.
The ﬁrst step towards earlier diagnosis consisted of increasing
he awareness of doctors about the existence of risk factors for
ongenital hearing loss, leading to targeted screening [1]. The sec-
nd step was the introduction of universal congenital hearing loss
creening programmes. For example, in North Carolina [17], prior
o the introduction of screening programmes, the median age at
iagnosis was 25 months for mild-to-moderate hearing loss and 15
onths for severe-to-profound hearing loss, while, after introduc-
ion of universal screening, the median age at diagnosis decreased
o 4 months and 2 months, respectively. The study by Levêque
t al. [3], conducted in the Champagne Ardennes region on more
han 33,000 newborns tested in the context of universal screening,
eported a median age at diagnosis of bilateral severe-to-profound
earing loss of 10 weeks. Generalization of neonatal screening to
ll French maternity units should result in earlier diagnosis, but
ome children will always be diagnosed later as a result of missed
eonatal screening examinations, or in the case of secondary or
rogressive hearing loss, or children born in countries in which
eonatal screening is not performed.
.2. Schooling of hearing-impaired children
The French law of 11 February 2005 ensures that, whenever
ossible, each child can attend a regular school close to home, while
atisfactory integration of the child is ensured by a Projet person-
alisé de scolarisation (Personalized schooling project [PPS]) [18]
henever necessary. The studies conducted to date have demon-
trated that hearing loss and age at diagnosis have an impact on the
hild’s development both in terms of language acquisition [5,19]
nd cognitive and behavioural development, but few studies have
ssessed the expected impact of moderate-to-severe hearing loss
n schooling. In the series published by Mancilla et al. [19] in Bel-
ium, comprising 97 moderately hearing-impaired children, 43%
ttended a regular school. In our series, 76% of the 170 moderately
earing-impaired children and 58% of the 55 severely hearing-
mpaired children attended a regular school. The French law of
005 certainly contributed to the improvement of the percentage of
ully integrated children observed in this study, between children
orn between 1992 and 2001 (65% and 74%) and the more recent
roups of children born between 2002 and 2006 (84%). This marked
mprovement is certainly the result of several factors: guidelines
nd regulatory requirements concerning integration of disabled
hildren, the beneﬁcial effects of exposure to oral language in reg-
lar classes, and technological improvements of hearing aids over
his 14-year period, etc.
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Comparison of the level of schooling of moderately hearing-
impaired children attending a regular school compared to the
theoretical school career demonstrated a grade retention of one or
more years in 45% of cases. This study did not demonstrate any sig-
niﬁcant difference according to age at diagnosis, but this could be
due to the small number of cases and the insufﬁcient follow-up con-
cerning high school classes for the youngest children. Similarly, the
effects of the 2005 law encouraging integration of disabled children
in regular schools and technological progress in the ﬁeld of hearing
aids cannot be fully assessed, as children who have beneﬁted from
these measures since the beginning of elementary school are now
only at the end of college. Mancilla et al. [19], in a study based on
97 moderately hearing-impaired children, observed that the age of
the ﬁrst hearing aid had only a limited impact on schooling.
Other factors contribute to the grade retention of these chil-
dren, including intrinsic factors such as the consequences of
hearing loss on brain development due to deprivation of sensory
information during a critical period of acquisition for the child.
However, extrinsic factors must also be taken into account, such
as repeated absenteeism related to the child’s global management,
as well as concomitant diseases and social, family and economic
difﬁculties.
5. Conclusion
The results of this study are in favour of a slight reduction (not
statistically signiﬁcant) of grade retention with earlier diagnosis
of moderate-to-severe bilateral hearing loss, but in the absence of
sufﬁcient follow-up for children born after 2000. Consequently, the
impact of improvement of hearing aids is not yet clearly visible, in
contrast with the effect of the 2005 law on school integration, which
has certainly contributed to the progressive increase of the pro-
portion of moderately hearing-impaired children attending regular
schools rather than special schools.
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